Milk fever is an important disease that affect lactating cow due to the shortage of calcium circulation after parturition. Incidence of milk fever can be minimized by changing diet acidity/alkalinity before parturition to enhance Ca release of bone, and minimizing it excretion through several regulatory mechanisms. However, cow's regulatory mechanisms are inadequate in its ability to satisfy the increased metabolic requirement of calcium. Many formulas have been suggested in literature for calculating Dietary Cation-Anion Differences (DCAD) in attempts to acidify diets to minimize the incidence of milk fever. Thus, selection of feed ingredients, and used formula (DCAD below 0 mEq/kg) are important when formulating diet to reach appropriate acidification of the cows' blood. The aim of current study is to characterize and to measure DCAD of different feed ingredients (Listed in: National Research Council (NRC, 2001)) using the most used equations reported in the literature which are highly correlated with the incidence of milk fever. Tabulated DCAD values showed that the ability of most forages to cause acidification of the cow is not possible and few feed ingredients possessed mild-strong acidic effect. However, using ingredients with acidic effect have nutritional and economic limitations especially in dairy diets. This screening study showed that mostly used feed ingredients in Jordan possess alkaline effect. The magnitude of DCAD 1 ((Na )) of different feed ingredients mainly used in Jordan ranged from 93.5 -592.7 mEq/kg, 31.2 -349.5 mEq/kg, and 56.1 -446.8 mEq/kg, respectively. Thus, incorporation of acidifying ingredients is necessary when feeding dry cows without compromising feed intake when cows fed under Jordanian conditions. Several nutritional strategies have been suggested to acidify complete diet, and positively enhance Ca releasing from bones to decrease the possibility occurring milk fever in dairy cows.
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Introduction
Milk fever (hypocalcaemia) is considered as a serious disease in dairy cattle, and it occurs when cows are unable to compensate for the high demand in Ca required for milk production and satisfy its own needs after parturition (Charbonneau et al., 2006) . Dairy cattle responses at this period by triggering endocrine and physiological changes that involves stimulating the secretion of parathyroid hormone and afterwards increase the concentration of 1, 25 (OH)2D3 (Thilsing-Hansen et al., 2002) . Consequently, parathyroid hormone directly stimulates renal reabsorption mechanisms for calcium to minimize the losses through urination, and will stimulate processes to enhance intestinal absorption of calcium, and mobilization of calcium from bone (NRC 2001) . However, cow's regulatory mechanisms are limited in its ability to satisfy the increased metabolic requirement by the rate, by which calcium can be mobilized from bone reserves (DeGaris & Lean, 2009 ). This condition has been reported to be more pronounced in older cows, and in cows fed on alkalogenic diets, and thus make them more exposed to the risk of milk fever (Ramberge et al., 1984) . Nutritionist attempts to lower DCAD (Dietary Cation-Anion Difference) in cows before calving to trigger physiological mechanism that induce compensated metabolic acidosis condition (Thilsing-Hansen et al., 2002) . Cows compensate metabolic acidosis by regulating calcium elimination from the body through increasing urinary excretion of acids (Vagnoni & Oetzel, 1998) , maintaining blood pH by bone accepting hydrogen ion in replace of Ca (Lemann et al., 2003) and retaining calcium in blood by reducing its excretion in urine (Charbonneau et al., 2006) . Consequently, these regulatory mechanisms enhance more calcium to be retained in the blood. Many formulas have been suggested in literature for calculating DCAD for different feed ingredients and complete diets for dairy cows. Using the preferred equation ((Na
)) by many nutritionists, it is common to attempt to bring DCAD less than zero mEq/kg diet (NRC, 2001 ). To achieve this DCAD level, extra intake of anionic salt must be fed for at least 10 days before birth (Thilsing-Hansen et al., 2002) . However, feeding anionic salts have been associated with low dry mater intake because of its low palatability . Reduction of feed intake and negative energy balance just before calving is undesirable and may lead to risk of ketosis and fatty liver syndrome. Thus, careful selection of feed ingredients is important when formulating diet to reach appropriate acidification of the cow with minimal usage of anionic salts especially in farms with limited feed ingredient choices such as Jordan. The objectives of this study were: to compare alkalinity/acidity of feed ingredients using different DCAD equations mostly used in literature; to screen acidic feed ingredients that have potential to reduce the incident of milk fever in cows fed under Jordanian conditions.
Materials and methods
Dietary Cation-anion Differences was calculated based on the strong ion model that are mostly used in literature (DeGaris & Lean, 2009 ). These equations are selected in this study based on meta-analysis studies that showed strong ion models are correlated and predicted milk fever incidence (Charbonneau et al., 2006; Lean et al., 2006) . The following equation was used to calculate mil-equivalent of each ion:
Strong ion models used to calculate DCAD of feed ingredients mostly used in dairy cattle nutrition listed in NRC (2001) Results and discussion (Berger, 1996) , using stochastic programming in feed formulation software can provides assurance of meeting the requirement of animals to a great probability when the variation in nutrient concentration is known (Peña et al., 2009) . For the same feed ingredient listed in table 1 and as expected, using DCAD values was highest for DCAD 1 and it was the lowest for DCAD 2 (because of including the acidifying sulfur in the equation) and was intermediate for DCAD 3 (because of including fraction of sulfur). The coefficient 0.6 was included in DCAD 3 based on the proportional efficiency of sulfate salts lowering urine pH in contrast to Cl salts (Goff et al., 2004) . Until now, the suitable equation form used to predicate the incidence of milk fever is still unclear. However, DeGaris & Lean (2009) concluded that both DCAD 2 and DCAD 3 equations were equivalent in predicting milk fever risk although table 1 shows big differences between DCAD 2 and DCAD 3 for many same feed ingredients. This difference between DCAD 2 and DCAD 3 is critical when interpreting the results as nutritionists are looking for a narrow DCAD when formulating diets for dairy cattle during dry period to reduce the risk of milk fever incidence. For instance, a meta-analysis study obtained from twenty-two published studies showed that reducing dietary DCAD 3 from +300 to 0 mEq/kg in non-lactating dairy cows reduced dietary dry matter intake by 11.3%, reduced the incidence of milk fever by 13.2% (from 16.4 to 3.2%) and urine pH from 8.09 to 7.01 (Charbonneau et al., 2006) . Urinary pH is considered as a practical mentoring measurement to metabolic acidosis to reduce the incidence of milk fever during dry period (Goff et al., 2004) . Forage ingredients are relatively low in energy content and considered the recommended feed ingredients for feeding dairy cattle during the dry period. In the three used DCAD equations, all forage feed ingredients did not show any negative DCAD (i.e. acid inducing effect) (Table 1) . Thus, the ability of forage to cause acidification of the cow is not possible. However, few feed ingredient possessed mild-strong metabolic acidosis effect based on DCAD 2 equation (such as bread wastes (-5.2 mEq/kg), cookie by product (-6.1 mEq/kg), blood meal derived product (-315.0 mEq/kg), dried and wet brewer grains (-111.5 and -115 .1 mEq/kg, respectively), canola meal (-75.6 mEq/kg) , dried corn gluten meal (-428.1 mEq/kg), feather meal without (-708.1 mEq/kg) and with viscera (-1045.3 mEq/kg), fish by products (range from -92.6 and -464.2 mEq/kg)) and DCAD 3 equation ( such as blood meal derived product (-122.9 mEq/kg) , dried and wet brewer grains (-16.7 and -32 .8 mEq/kg, respectively), dried corn gluten meal (-213.5 mEq/kg), feather meal with viscera (-608.7 mEq/kg), and fish byproducts Menhaden (-174.7 mEq/kg). In Jordan, few ingredients choices are available to the producers for dairy cattle such as: corn silage, alfalfa, wheat straw, corn, barley, wheat bran, and soybean meal. Based on the three equations mostly used by nutritionist, the magnitude of DCAD 1 , DCAD 2 and DCAD 3 of different feed ingredients mainly used in Jordan ranged from 93.5 -592.7 mEq/kg, 31.2 -349.5 mEq/kg, and 56.1 -446.8 mEq/kg, respectively. Forages are expected to be the dominant ingredients in dairy diet before calving (due to relatively lower energy demand for dry cow and their cheap prices). Feeding forages have been reported to increase the risk of milk fever due to high cations level (Barnouin & Chassagne, 1991) . Furthermore, concentrate feeding to dry cow has been reported to make cow to lose appetite around calving and to absorb less calcium than is required (Allen & Davies 1981; Braak et al., 1986 ). As shown above, absence of ingredients that possess mild-strong metabolic acidosis effect in Jordan may expose dairy cattle to the risk of milk fever. To best of our knowledge, there are no statistics regarding clinical or subclinical milk fever occurrence in dairy cattle in Jordan. However, milk fever is reported to occur at the rate of 5-10% (Bushinsky, 1996) and can reach as 34% in individual herds (Houe et al., 2001) . With limited feed ingredient choices available for feeding dairy cattle during dry period, feed ingredients (with minimal usage of anionic salts) that have mild-strong metabolic acidotic effect is required to reduce the incidence of milk fever. However, the few feed ingredients with mild-strong metabolic acidosis effect mentioned above are not available in Jordan (i.e. considered as industry byproducts or raw materials that does not existed in enough quantities). Furthermore, their inclusion in the diet may have some nutritional limitations that must be taken into consideration when formulating diet for dairy cattle before calving. For example, corn gluten meal is lack of lysine and the proportion metabolizable lysine is very low (Sauvant et al., 2004) , thus, including large quantities of corn gluten meal to acidify complete diet before parturition may compromise utilization of metabolizable lysine in cattle. Including feather meal in cattle at high level has been reported to be associated with reducing intake (Leme et al., 1978) . Blood meal has been reported to be lack in Sulphur-rich amino acids (Klemesrud et al., 2000) and isoleucine (Maiga et al., 1996) . Feeding other mild-strong acidic feed ingredients such as bakery wastes, fish meal, brewer grains has been reported to possess some nutritional and cost constrains that limits their inclusion in feed (Stallings, 2009) . Several nutritional strategies have been adapted to acidify complete diet to stimulate compensated metabolic acidosis in dairy cattle. showed that feeding diets low in potassium and sodium is effective in reducing the risk of milk fever. Certain anionic salt has been reported to be more palatable than another anionic source. Sulfate salts have been reported to be more palatable than chloride salts (Goff & Horst, 1996) . Between mostly used anionic salts, magnesium sulfate has been reported to be the most palatable and calcium chloride is the least palatable (Oetzel, 1991) . However, chloride has been shown to possess larger acid activity (by 1.6 times) compared to sulfate (Goff et al., 2004) . Commercially, adding sweetener to anionic salts is used to mask bad palatability of anionic salts. Combination of previous strategies can be used together to acidify diet. In theory, using binding agents that binds to cations and encapsulation of anionic salt can be potential alternatives to minimize the risk of milk fever. Further research must be conducted to investigate combined strategies to reduce incidence of milk fever.
Conclusions
Calculated DCAD values showed that the ability of most forage to cause acidification of the cow is not possible. However, few feed ingredients possessed mild-strong metabolic acidosis effect, but they have limitations when included in dairy diets during dry period. Several nutritional strategies have been suggested to acidify complete diet to stimulate compensated metabolic acidosis in dairy cattle raised under Jordanian conditions.
